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NACA RESEARCH ON WINGS AND WING-BODY COMBINATIONS 

AUGUST 1946 - JUNE 1954 

The tab les  contained herein l i s t  and describe the experimental studies,  
without l imi ta t ion  as t o  type of data obtained, t h a t  the NACA Langley and 
Ames Aeronautical Laboratories conducted on 3-dimensional w i n g s  and wing-  
body combinations during the  approximate period between A u g u s t  1946 and 
June 19%. 
on t e s t s  conducted i n  wind tunnels and by the p i lo t l e s s -a i r c ra f t ,  w i n g -  
flow, and free-fall-body methods are  included. This information was orig- 
i n a l l y  intended f o r  research management usage a t  t he  Langley Laboratory. 

Only s tudies  that have been reported i n  Research Memorandums 

The tab les  were displayed at  the May 4-5, 1955, meeting of the NACA 
Subcommittee on High-speed Aerodynamics as an indication of some of the 
many wing configurations that the NACA has investigated experimentally. 
It was the opinion of the members of the Subcommittee that the tab les  
would be of immediate in t e re s t  and benefit  t o  the a i r c r a f t  industry i n  
that such a compilation would f a c i l i t a t e  the finding of needed w i n g -  
research information. The NACA was requested, therefore,  t o  publish the 
tab les  as soon as  possible. 

An index is not provided with t h i s  compilation because the lack of 
a systematic arrangement of the table  en t r i e s  would only permit an indexing 
system so complicated and voluminous as t o  be of l i t t l e  or  no value. 
i s  suggested that the  wing-plan-form drawings contained i n  the tab les  be 
used i n  l i e u  of an index t o  minimize the search f o r  items of i n t e re s t .  

It 

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field,  Va., July 27, 1955. 
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ABBREVIATED NAMES OF FACILITIES 

1' X 3'  SST#l & #2 

1' X HST 
4' x 4' SSPT 

6" SST 
6' x 6' SST 
7' x 10' 300 mph Tun. 
7' X 10' HST 
8' HST 

8' TPT 
9" X 12" BDT or 9" X 12'' SSBT 

8' TT 

9" x 18" Intermittent-Flow SST 

9" SST 
12' Prn 
16' HST 
16' TT 
19' PT 
24" HST 
26'' TBT or 26" TBDT 
40' x 80' ~ u n .  
FFT 
FRl3 
FFD 
FST 
GDB 
LTPT or TDLTPT 

PARD 
PRD 
SSFFWT 
Stab. Tun. 
V &FBr. 

1- by 3-Foot Supersonic Tunnel (#1 

1- by % -Foot High-speed Tunnel 
4- by 4-Foot Supersonic Pressure 

6-Inch Supersonic Tunnel 
6- by 6-~oot Supersonic Tunnel 
3OO-mph 7- by 10-Foot Tunnel 
High-speed 7- by 10-Foot Tunnel 
8-~oo.t High-speed Tunnel 
8-~oot Transonic Tunnel 
8-~oot Transonic Pressure Tunnel 
9- by 12-Inch Supersonic Blowdown 

9- by 18-Inch Intermittent-Flow 

9-Inch Supersonic Tunnel 
12-Foot Pressure Wind Tunnel 
16-~oot High-speed Tunnel 
16-~oot Transonic Tunnel 
19-Foot Pressure Tunnel 
24-Inch High-speed Tunnel 
26-Inch Transonic Blowdown Tunnel 
40- by 80-~oot Tunnel 
Free -Flight Tunnel 
Flight Research Branch 
Flight Re search Division 
Full-scale Tunnel 
Gas Dynamics Branch 
Two-Dimensional Low-Turbulence 
Pressure Tunnel 

Pilotless Aircraft Research Division 
Physical Research Division 
Supersonic Free-Flight Wind Tunnel 
Stability Tunnel 
Vibration and Flutter Branch 

and #2) 

Tunnel 

Tunnel 

Supersonic Tunriel 

(Other abbreviated names of facilities are self -explanatory. ) 



I .  

abt .  
a.c.  or A.C. 
accel .  
ACR 
a i l .  
ampl . 
approx. 
av . 
bev. 

ca lc .  
camb . 
c i r c .  
coeff.  
const.  
c.p. 
D.A.C. 
damp. 
def lec .  
displac.  
d i s t .  or d i s t r .  
aoub . 
e l l i p t  . 
ex. or exp. 
fPS 
fus .  
f'wd . 
H & V  
hex. 
horiz.  
inbd. 
indent. 
junc. 
l d ing  . 
L.E. 
long. 
MAC 

mid. 
min . 
mod. or modif. 
mPh 
opt .  
outbd. 
ords.  

C 

mx . 

' ... 
ABBREVIATIONS 

ab out 
aerodynamic center 
accelerat ion 
Advance Confidential Report 
a i l e ron  
ampl i tude 
approximately 
average 
beveled 
chord 
calculated 
cambered 
c i r cu la r  
coef f ic ien t  
constant 
center of pressure 
Douglas Aircraf t  Company 
damping 
def lect ion 
displacement 
d i s t r ibu t ion  
double 
e 11 i p  t i c a l  
experimental 
feet  per second 
fuselage 
forward 
horizontal  and v e r t i c a l  
hexagonal 
horizontal  
inboard 
indented 
juncture 
loading 
leading edge 
longi tudinal  
mean aerodynamic chord 
maximum 
middle 
minimum 
modified 
m i l e s  per hour 
optimum 
outboard 
ordinates 
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. 

P o r  press.  
per. 
P I .  
p t  
m 
S & C  
sect .  
s t .  o r  str. 
sym. or symmet. 
tang. 
T.E. 
thk. o r  thick.  
TN 
trapez. 
t w i s t .  
unif. 

w R wo 
vs . 

pressure 
period 
plane 
point 
Research firnorandm 
s t a b i l i t y  and control 
sect ion 
s t r a i g h t  
symmetry o r  symmetrical 
tangent 
t r a i l i n g  edge 
thickness 
Technical Note 
trapezoidal 
twisted 
uniform 
versus 
with and without 

. 



A 

b 

C 

C 

wing span 

chord force 

wing chord 

control-surface chord 

wing-root bending-moment coefficient 

bending-moment coefficient 

wing-panel bending-moment coefficient 

bending-moment coefficient, tip control surface 

chord-force coefficient 

slat-segment chord-force coefficient 

drag coefficient 

base pressure-drag coefficient 

drag coefficient equivalent to blower power ( in boundary- 
layer studies ) 

friction-drag coefficient 

fore drag (wing-body combinations ) 

induced-drag coefficient 

internal- or interference-drag coefficient 

drag coefficient due to lift 



136 

I C l  

cDO 

%e 

cDw 

C 

c*P 

CF 

c f 

ch 

ch' 

chi 

CH 

CL 

1P 
C 

a. * a *  e 0.. a a. .a a a a a* .  a, a b  .. 1 . . a  * a .  * a *  
a a m a .  . a *  a 
a .  . a  . a *  

* a  a * .  a a a a. 

drag coefficien6 of:mis$ile installation in terms of missile- 
. 

body frontal area (missiles used as stores) 

drag coefficient of missile installation in terms of total 
added frontal area of missile installation (missiles used 
as stores) 

nacelle-drag coefficient 

drag coefficient at zero lift or profile-drag coefficient 

pressure-drag coefficient 

effective profile-drag coefficient 

wing-plus-interference drag coefficient 

wing pressure drag coefficient 

elevon-load coefficient 

skin-friction drag coefficient 

hinge-moment coefficient 

total hinge moment 

torsional damping-moment coefficient 

model hinge-moment coefficient 

lift coefficient 

rolling-moment coefficient 

gross rolling-moment coefficient 

inflection lift coefficient (highest before break in 
pitching-moment curve) 

rolling moment due to rolling velocity 



h8R 

8 

I C  

rolling moment due to yawing velocity 

trimmed lift coefficient 

lift coefficient for abrupt increase in rate of drag rise 

rolling moment due to sideslip 

+f C rolling moment due to yaw 

lift coefficient for initial section stall 

Cm pitching-moment coefficient 

pitching-moment coefficient at zero lift 

pitching-moment coefficient at CN = 0 
c 

stabilizer effectiveness parameter 

twisting-moment coefficient 

section pitching-moment coefficient about chordwise point 
other than c/4 

yawing-moment coefficient Cn 

CN normal-force coefficient 

wing-section normal-force coefficient Cn 

cNc normal-force coefficient through critical point 

exposed-wing-panel normal-force coefficient 

fuselage-section normal-force coefficient 

cnP yawing moment due to rolling velocity 

yawing moment due to yawing velocity 



I 

cnW 
* 

section normal-force coefficient of main airfoil with fla& 
and tab . 

overall normal-force coefficient 

yawing moment due to sideslip 

yawing moment due to yaw 

static-pressure coefficient or pressure-loss coefficient 

body-base pressure coefficient 

suction-flow coefficient ( in boundary-layer studies) 

rotational-moment coefficient of spoiler or slat resultant- 
force coefficient 

twisting-moment coefficient 

wing-section twisting-moment coefficient about c/4 line 

longitudinal-force coefficient 

lateral-force coefficient 

lateral force due to rolling velocity 

lateral force due to yawing velocity 

lateral force due to sideslip 

lateral force due to yaw 

aileron-load coefficient 

section chord perpendicular to c/4 line of unswept win[’: 

momentum coefficient in plane perpendicular to blowing s l u t ,  ~ 

twisting-moment coefficient - 



I 

0 

7 rl * 
pitching-moment coefficient about 50 percent mean aero- c1/2 
dynamic chord 

%/lo cycles to damp to 1/10 amplitude 

(C.P. Ix chordwise center of pressure 

(C.P. )y spanwise center of pressure 

Eb/Ea, aileron-balance chord ratio 

cmda6 effective section twisting-moment coefficient per unit 
rolling effectiveness 

section normal-load coefficient C Cn = 
C 

ccz 
Cav. CL 

span-loading coefficient 

( C d k  + (CIn)&E pitch-damping derivative - 
2v 2v 

D 

Df 

E 

F 

FN 

drag force 

equivalent leading-edge-suction factor 

Young's modulus of elasticity 

frontal area or stick force 

net thrust 

F W control-wheel force 

f f flutter frequency 

fh first natural bending frequency 

f U  

G 

E 

first natural frequency (predominately torsion) 

shear modulus of rigidity 

acceleration due to gravity 
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ga 

h 

H 

Hd 

HO 

h 
C '  
- 

I 

i 

J 

k 

K 

Ka 

Ka 

1 
K 
__ 

L 

2 '  
C C  
.- 

s t r u c t u r a l  damping coeff ic ient  for to rs ion  mode 

projection of spoi ler  o r  other protuberance 

t o t a l  pressure 

t o t a l  pressure a t  duct s t a t i o n  

free-stream pressure o r  amplitude of hinge-moment function 

integrated t o t a l  pressure recovery weighted by l o c a l  mass 
flow 

distance from slat  leading edge t o  slat  center of 
pressure 

moment of i n e r t i a  i n  bending 

incidence 

tors iona l  s t i f f n e s s  constant 

reduced frequency parameter rg) o r  s t i f f n e s s  parameter 

e f fec t ive  mass-density r a t i o  

rearward inc l ina t ion  of resu l tan t  wing drag force 

rearward incl inat ion of resu l tan t  wing-body drag force 

(%) reduced veloci ty  parameter 

l i f t  force o r  applied load 

length 

l i f t  coeff ic ient  per un i t  amplitude of o s c i l l a t i o n  

chordwise posi t ion oi' center of load with reference 
t o  c/4 l i n e  of unswept wing 

Mach nmber 



m 

I .  

MB 

Mf 

MO 

Mw 

m2 

dz 
I)- 
dx 

P 

mass, wss flow through duct, - tan E (where 
tan p 

E = semivertex angle and p = Mach angle), or moment 
coefficient (in flutter studies) 

drag-break Mach number 

free-stream Mach number for incipient aileron flutter 

free-stream fich number 

tunnel-wall Mach number 

nondimensional moment coefficient in phase with angular 
displacement 

nondimensional moment coefficient in phase with angular 

coefficient of aerodynamic moment per radian in phase 

velocity 

with velocity 

wing tors ional- s t iff ne s s parameter 

duct mass-flow ratio 

neutral-point location (percent mean aerodynamic chord) 

air pressure 

static pressure at altitude 
Pb - P base pressure coefficient 9 

pressure coefficient for zero base pressure 

pressure fluctuation coefficient 

static pressure at sea level 

resultant pressure coefficient in control balance chamber 
or between upper- and lower-surface static pressures 

unit zhordwis e -force coefficient 

free-stream static pressure, ambient static pressure, 
or rolling angular velocity 
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% 

pd 

pl 

PO 

PU 

Pb /2v 

9 

qt 

R 

r 

ra 

rb /2V 

S 

T1/2 

TC 

static pressure at base of model 

static pressure in duct 

local lower-surface static pressure 

free-stream static pressure or standard sea-level static 
pressure 

local upper-surface static pressure 

helix angle generated by wing tip in roll 

free-stream dynamic pressure or angular velocity in pitch 

local free-stream dynamic pressure 

Reynolds number 

yawing angular velocity 

effective radius of gyration 

yawing-velocity parameter or lateral flight-path curva- 
ture (for constant sideslip) 

wing area 

upper-surface pressure coefficient 

lower-surface pressure coefficient 

lateral position of' center of load with reference to 
sect ion through critical point 

wing thickness 

time to damp to 112 amplitude 

effective thrust coefficient 



U 

U 

u/v 

V 

VG 

VR 

Jrc .a .  2 .  

ye. p. 

YL 

local velocity parallel to surface and inside 
boundary layer 

local velocity parallel to surface at outer edge of 
boundary layer 

chordwise velocity ratio 

free-stream velocity 

gliding speed 

reference wing flutter frequency (the reference wing 
being two dimensional ) 

sinking speed 

spanwise velocity ratio 

flutter speed ratio (where subscripts e and r mean 
experimental and calculated, respectively 

inlet velocity ratio 

nondimensional flutter-speed coefficient 

wake center location 

longitudinal distance or position 

longitudinal force at zero angle of yaw 

longitudinal position of aerodynamic center 

longitudinal position of nacelle 

longitudinal position of peak mininu7: pressure 

lateral position of center of lift 

lateral center of additional loading 

lateral position of center of pressure 

lateral position of center of lift 
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a 

UD 

.. 1 -. 
angle of attack of wing 

change in local wing incidence 
under air load 

due to wing deflection 

angle of attack for zero lift 

flap lift effectiveness 

glide-path angle 

angular deflection of hinged surface o r  wing deflection 
perpendicular to wing chord plane 

true aileron deflection (corrected for deflection under 
load) or trim aileron deflection 

control-twist correction factor 

servovane angle 

incremental value of, or delta (referring to shape) 

increment of normal acceleration due to buffeting 

increment of transverse acceleration due to buffeting 

elevon effectiveness as an elevator 

acceleration increment (in gust-loads studies 

pressure fluctuation coefficient 

change of angle of attack for given lift loads due to 
bending 

pitch increment (in gust-loads studies ) 

downwash angle or wing semivertex angle 

effective downwash angle 

efficiency factor, relative effectiveness of wing in 
lift, o r  nondimensional spanwise location 



.9R 

5 

%.p. 

e 

nondimensional location of spanwise center  of pressure 

phase angle (moment vector leads incidence vec tor )  or 
l o c a l  wing-twist angle produced by l i f t  

angle of wing-tip t w i s t  

s t r u c t u r a l  influence coef f ic ien t  

wing-torsional-stiffness parameter 

wing sweep angle 

sweep angle between l i n e  perpendicular t o  plane of 
symmetry and c/4 l i n e  of unswept wing 

A 

P 

%. 

I I  
I 

Tip chord 0 Root chord 
wing taper  r a t i o  

Mach angle ran-’ f 1 

angle of sidewash 

r o l l i n g  veloci ty ,  f rac t ion  of rigid-wing r o l l i n g  effec-  
t iveness re ta ined by f l ex ib l e  wing, phase angle between 
a i l e ron  displacement and shock displacement, angle of 
bank, or  phase angle ( l i f t  vector leads.  incidence vec tor )  

angle of yaw 

c i r cu la r  frequency of wing pi tching o s c i l l a t i o n  

experimental value of c i r cu la r  frequency 

angular bending frequency 

angular uncoupled tors iona l  frequency about e l a s t i c  axis 

center  l i n e  

p a r a l l e l  

perpendicular 
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L 7  + 
A 

1x1 

L 

parallelogram 

plus or cruciform arrangement 

arrangement of three aerodynamic surfaces 120' apar t  
measured around model center l i n e  

approximately equal t o  

absolute value of ( i n  t h i s  case, x )  

angle 



0 

c 

a 

av . 
b 

B 

b (w) 

b2 

BM 

C 

C 

calc.  

c.g. 

c.p. 

e 

E 

ex. 

exp. 

ex t  . 
f 

F 

Flex. 

hl 

SUBSCRIPTS 

ai leron or  wing control  surface 

average 

body or basic model 

body or basic model 

interference on body due t o  wing 

body (external  s tores)  

bending moment 

control 

wing-body combination 

calculated 

center of gravity 

center of pressure 

elevon, exposed, experimental, e l a s t i c ,  e f fec t ive ,  due t o  e l e -  
vator def lect ion 

exposed wing surface or leading-edge chord extension 

experimental 

experimental 

external  

f h P  

f r o n t a l  area 

f l ex ib l e  

f i r s t  bending 

h2 second bending 
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i 

i n t  . 
2 

L 

If  

m 

n 

opt.  

p f 

r 

R 

S 

S 

t 

T 

t o t .  

U 

v 
v t  

W 

(w) 
wb 

U 

i n l e t  o r  incidence 

i n t e r n a l  

l e f t ,  l oca l  

l e f t  

landing f l a p  

measured 

nacel le  or nose (as with nose flap) 

optimum 

f l a p  plenum chamber 

root ,  rudder, r i gh t ,  calculated,  r i g i d  or yawing angular veloci ty  

right 

spoi le r ,  s tores ,  slat or  segment 

due t o  propel ler ,  model w i t h  s lats,  or  slats 

tab,  t o t a l ,  t a i l ,  horizontal  t a i l  or t r i m  

t ab  or t o t a l  

t o t a l  

uncorrected 

v e r t i c a l  t a i l  

v e r t i c a l  t a i l  

wing 

w i  ng-b ody c omb ina t i on 

wing-body combination 

due t o  angle of a t t ack  

f i r s t  tors ion  



1 -  
I C  

c 

P 
E 

03 

r 

. . 0.. . 0.. 0 .  
0 .  .. .. . .. . .. . . .. .. .. . . . 0.. .. 

sidesl ipping veloci ty  

angle of wing t w i s t  

due t o  control  def lect ion 

due t o  angle of yaw 

f ree-s tream 

due t o  geometric dihedral  angle 



SUF'ERSCRPTS 

degrees 

inches 

0 

11 

I f ee t ,  average, mean aerodynamic or geometric 

(The symbols and * -  d i rec t ly  over a quantity denote f irst  and 
second derivatives,  respectively,  with respect t o  time. ) 

NACA - Langley Field, V.i. 


